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cell common sequence for time synchronization and fre-
quency synchronization, includes the steps of generating the
sequence repeated 1 time domain as many as a specific
count, masking the sequence using a code corresponding to
the additional information to be added, and transmitting a
signal icluding the masked sequence to a receiving end.
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FIG. 10
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FiG. 12
5201

DC subcarrier and guard subcarrier insertion

8202

Allocating sequence A to the Irequency
domain with a specific interval using the
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1 5203
IFE'T operation
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METHOD OF GENERATING CODE
SEQUENCE AND METHOD OF
TRANSMITTING SIGNAL USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/775,076, filed on Feb. 22, 2013, now U.S.
Pat. No. 9,178,609, which 1s a continuation of U.S. patent
application Ser. No. 13/033,498, filed on Feb. 23, 2011, now
U.S. Pat. No. 8,830,983, which 1s a continuation of U.S.
patent application Ser. No. 12/158,657, filed on Oct. 28,
2008, now U.S. Pat. No. 7,916,759, which 1s the National
Stage filing under 35 U.S.C. §371 of International Applica-
tion No. PCT/KR2006/005598, filed on Dec. 20, 2006,
which claims the benefit of earlier filing date and right of
priority to Korean Application Nos. 10-20060130307/, filed
on Dec. 20, 2006, 10-2006-0081035, filed on Aug. 25, 2006,
and 102005-0126307, filed on, Dec. 20, 2005, and also
claims the benefit of U.S. Provisional Application Nos.
60/828,759, filed on Oct. 9, 2006, 60/847,780, filed on Sep.
2’7, 2006, and 60/827,022, filed on Sep. 26, 2006, the
contents of which are all hereby incorporated by reference
herein 1n their entirety.

TECHNICAL FIELD

The present mvention relates to a synchronization asso-
ciated channel, and more particularly, to a method of gen-
erating a code sequence and method of adding additional
information using the same. Although the present mnvention
1s suitable for a wide scope of applications, it 1s particularly
suitable for generating a code sequence usable for a channel
for synchronization and configuring a synchronization chan-
nel using the generated sequence.

BACKGROUND ART

First of all, a synchronization channel (hereinafter abbre-
viated SCH) as an example of a specific channel 1s explained
as follows.

In order for a user equipment to communicate with a base
station 1n a mobile communication system, the user equip-
ment primarily performs synchronization with the base
station on SCH and then secondarily performs a cell search.
A series of process for performing synchronization with a
base station and obtaining an ID of a cell to which a user
equipment belongs 1s called a cell search.

Generally, a cell search 1s classified mto an 1mitial cell
search executed 1n case of a user equipment’s ‘power on’ 1n
an 1mtial mode and a neighbor cell search performed by a
user equipment in a connection mode (1.e., normal mode) or
idle mode to search a neighbor base station.

FIG. 1 1s a flowchart of a cell search procedure.

If the 3GPP LTE system 1s taken as an example among,
various communication systems, the SCH structure for the
cell search 1s classified into a hierarchical structure and a
non-hierarchical structure according to a time symbol syn-
chronmization and cell search method.

And, a cell ID obtaining method 1s classified into a first
method of searching cell groups and searching reference
signals for a final cell ID and a second method of obtaining
a cell ID from SCH only.

In case of the first method, a cell group ID 1s obtained
from SCH. In case of the second method, a final cell ID (1.e.,
cell ID) 1s obtained from SCH.
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2

SCH following the hierarchical structure 1s explained as
follows.

First of all, the SCH following the hierarchical structure
1s classified 1nto a primary SCH (heremnatter abbreviated
P-SCH) and a secondary SCH (S-SCH) lhike SCH of
WCDMA.

The P-SCH 1s a channel on which all cells or sectors use
the same signal and performs 1nitial symbol synchronization
and frequency synchronization. A signal value of P-SCH 1s
already known by all user equipments. So, initial time
symbol synchronization can be executed by performing
cross-correlation between a received signal and a predeter-
mined signal. Such a series of procedures are called cross-
correlation based detection.

After time, symbol and frequency synchronizations have
been obtained, cell ID or cell group ID detection 1s per-
formed at a position of S-SCH previously indicated by
timing synchromization information obtained from P-SCH.

Meanwhile, a method of multiplexing P-SCH and S-SCH
can be classified into TDM, FDM and CDM.

FIG. 2 1s a structural block diagram of SCH following a
hierarchical structure.
An example shown 1n FIG. 2 corresponds to an example

of multiplexing by TDM. Positions of P-SCH and S-SCH
and a count of OFDM symbols including P-SCH and S-SCH

may differ from the case shown in FIG. 2.

Retferring to FIG. 2, SCH 1s generated via two OFDM
symbols. A radio frame includes 20 sub frames, and a

specific radio frame 1s selected to transmit SCH only.

In the example shown 1n FIG. 2, first and second OFDM
symbol provide SCH. Yet, an OFDM symbol which pro-
vides SCH can be another OFDM symbol, e.g., alast OFDM
symbol.

SCH following the non-hierarchical structure 1s explained
as follows.

First of all, a non-hierarchical SCH 1s characterized in
having a repetitive wavelform within an OFDM symbol in
time domain. This enables a user equipment to perform a
blind detection of imtial time symbol synchromization
through auto-correlation of a received signal using the
repetitive characteristic of signal. And, this detection 1s
called auto-correlation based detection.

After completion of the time and frequency synchroniza-
tions, cell ID detection or cell group ID detection are carried
out at a position of the detected SCH.

FIG. 3 1s a structural block diagram of SCH following a
non-hierarchical structure. An OFDM symbol or subiframe
to form SCH can be freely changed.

In the above-explained hierarchical structure, cross-cor-
relation based detection can be carried out based on Formula

1.

d = argmax{R(d)| 0 < d < N, — 1} [Formula 1]
d

P O
-3 3
p=1 g=1

y
({ M ol —1 )

D S g +d) /

\\ m=1 n=(m=1)L /

N-1 )
[Z rp g+ d)|?
n=0 /

(N = ML)
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In Formula 1, ‘R(d)’ 1s a cost function to find a start point
for synchronization acquisition, ‘d’ is a value to maximize
the R(d), and *N/ 1s a length ot a radio frame. ‘P’ indicates
a count of symbols used for averaging. ‘(Q’ indicates a count
ol recerving antennas of a user equipment. ‘L’ indicates a
count of Parts for M-partial correlation. ‘N’ indicates a point
of FFT/DFT operation. ‘r, (n)’ indicates a signal received
by a gq” receiving antenna in a p” P-SCH symbol. And,
‘S(n)” indicates a known sequence nserted in P-SCH. In this
case, 1n the environment where frequency oflset exists, 1f
symbol synchronization via cross-correlation based detec-
tion 1s sumply carried out, performance 1s degraded. So,
M-partial correlation can be applied. [Y.-P. E. Wang and T.
Ottosson, “Cell search in W-CDMA?”, Selected Areas in

Communications, IEEE Journal on, vol. 18, pp. 1470-1482,
August 2000. ]

In the hierarchical structure shown in FIG. 2, a method of
estimating frequency oflset can be represented as Formula 2.

; (P2 tup . [Formula 2]
Af = —arg _Z Z Zﬂ (S*(m)ry 4(n + d))
. p=l =l BT
| N-1 i )
Z (S* (n)rp,q(n + a,')) !
n=N/2 )

In Formula 2, ‘I’ means a sampling frequency and
‘arg{ }” means a phase component for a complex number.
And, the frequency oflset 1s generated from the difference
between frequencies generated by oscillators provided to a
base station and a user equipment, respectively.

And, the auto-correlation based detection used for the
non-hierarchical structure shown in FIG. 3 1s represented as
Formula 3.

(|N/2—1 2 [FDI‘IIIH]EI 3]

Z ro i+ drpn+d+NJ2)
| n=0

P O
1 A
=) D
p=1 g=1

Ni2—1 3\
D Urpgn+d)P +lrpgn+d +N/2P)

n=>0 /

And, the frequency ofiset can be estimated in the non-
hierarchical structure in a following meaner of Formula 4.

Af = |[Formula 4]
¢

=1 g=1 =n

=
-2

—1

[rp,q(mmrp,q(n+&+wn}

I
=

The cell search method uses the same method for both of
the hierarchical structure and the non-hierarchical structure.

Comparison between the hierarchical SCH and the non-
hierarchical SCH 1s explained as follows.

First of all, communication systems are classified into a
synchronous network and an asynchronous network. In
particular, the synchronous network is a network having the
same transmission start time for all sectors. Yet, in the
asynchronous network, although sectors within one Node-B
have the same transmission start time, a transmission start
time 1s random between Node-Bs.
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4

In case that both of the synchronous network and the
asynchronous network need to be supported, the hierarchical

SCH 1s preferably used.

FIG. 4 1s a diagram of performance comparison between
hierarchical SCH and non-hierarchical SCH 1n a synchro-
nous system. And, FIG. 5 1s a diagram of performance
comparison between hierarchical SCH and non-hierarchical
SCH 1n an asynchronous system.

Referring to FIG. 4 and FIG. 5, a case of using a
hierarchical structure improves performance of cell search.
Yet, 1n the hierarchical structure, cross-correlation detection
should be used for timing synchronization acquisition and
frequency offset estimation performance of the hierarchical
structure 1s inferior to that of a non-hierarchical structure.

FIG. 6 1s a diagram of residual frequency oflset error 1n a
synchronous system, and FIG. 7 1s a diagram of residual
frequency oflset error in an asynchronous system.

In brief, each of the hierarchical SCH and the non-
hierarchical SCH has 1ts own problems.

To solve these problems, the hybrid SCH scheme has been
proposed. In the hybrid SCH scheme the hierarchical SCH
and the non-hierarchical SCH are combined together.

FIG. 8 1s a diagram to explain a hybrid SCH scheme.
Retferring to FIG. 8, a hybrid SCH 1includes P-SCH and

S-SCH like the hierarchical SCH. Yet, P-SCH 1s assigned to
a frequency index with a specific mterval 1n a specific
OFDM symbol. In other words, a sequence included 1n
P-SCH 1s configured 1n a manner that a specific wavetform
1s repeated 1n time domain by a prescribed count.

Meanwhile, S-SCH 1s configured 1n a same manner of the
hierarchical SCH.

In case of the hybrid SCH, P-SCH 1s configured by a cell
common sequence. Yet, by allocating the respective
sequences (P,, P, P, . . ., Paxs, Pary) corresponding to
P-SCH to a frequency domain with a specific interval, cell
search and frequency offset characteristics are enhanced.

Formula 35A shows a method of estimating a synchroni-
zation 1 a hybrid SCH and Formula 5B shows a method of
estimating a frequency ofilset.

d = argmax{R(d)| 0 < d < Ny — 1} [Formula SA]
d
R(d) =
(A —1 (m+ 1)L~ 1 2 rerfr/z_l b
> | > o) || Y wdemp|+
n=mlL n=>0
\ m=0 ) X )
(A —1 2
(m+1)L—-1
i (18 N
p T-I_H 4 +d+n
=0 n=ml. ;
(N g [2-1 2"1
z : N
r(i +d +n]
2
n=>0
/

(N /2=ML)
. N g (N /21 ﬁ o |[Formula 5B]
/= args rld+n)| |rld+n+Ng/2

27N g7 [ Nyep ; [ ( )] [ ( ff )]

DISCLOSURE OF THE INVENTION

Accordingly, the present invention 1s directed to a method
ol generating a code sequence and method of adding addi-
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tional information using the same that substantially obviate
one or more of the problems due to limitations and disad-
vantages ol the related art.

An object of the present mnvention 1s to provide a method
of generating a synchromization channel carrying additional
information.

Another object of the present imnvention 1s to provide a
method of generating a sequence for a synchromization
channel.

Additional features and advantages of the invention will
be set forth 1n the description which follows, and 1n part wall
be apparent from the description, or may be learned by
practice of the invention. The objectives and other advan-
tages of the mvention will be realized and attained by the
structure particularly pointed out in the written description
and claims thereof as well as the appended drawings.

To achieve these and other advantages and 1n accordance
with the purpose of the present invention, as embodied and
broadly described, a method of adding additional informa-
tion to a sequence for synchronization, in which the addi-
tional information i1s added to a cell common sequence for
time synchronization and frequency synchronization,
according to the present invention includes the steps of
generating the sequence repeated 1n time domain as many as
a specific count, masking the sequence using a code corre-
sponding to the additional information to be added, and
transmitting a signal including the masked sequence to a
receiving end.

Preferably, the code includes either an orthogonal code or
a quasi-orthogonal code.

Preferably, the code to be used 1in the masking step
corresponds to the additional information by one-to-one.

Preferably, the masking step includes the step of multi-
plying the sequence by the code 1in the time domain.

Preferably, the sequence generating step includes the
steps of allocating a sample included in the sequence to a
frequency i1ndex with a constant interval in Ifrequency
domain, respectively and transforming a result of the allo-
cating step into a time domain signal.

More preferably, the interval depends on the specific
count.

Preferably, the masked sequence 1s transmitted on P-SCH
(primary synchronization channel).

Preferably, the transmitting step includes the step of
transmitting the signal using a plurality of orthogonal sub-
carriers.

Preferably, the additional information includes various
kinds of information necessary for communications between
nodes.

To further achieve these and other advantages and in
accordance with the purpose of the present invention, a
method of adding additional information to a sequence for
synchronization, in which the additional information 1s
added to a cell common sequence for time synchronization
and frequency synchronization, includes the steps of allo-
cating samples included in the sequence to a specific ire-
quency index according to the additional information to be
added and transmitting the sequence to a receiving end by
transforming the sequence into a time domain signal.

Preferably, the allocating step includes the step of allo-
cating the samples to the frequency index with a constant
interval.

More preferably, the constant interval depends on a size
of the additional information.

Preferably, the additional information includes various
kinds of information necessary for communications between
nodes.
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To further achieve these and other advantages and in
accordance with the purpose of the present invention, a

method of adding additional information to a sequence for a
synchronization channel includes the steps of generating the
sequence for the synchronization channel, performing micro
constellation modulation to rotate a phase of the sequence
according to a phase value corresponding to the additional
information to be added, and transmitting a signal including
the micro-constellation-modulated sequence to a receiving
end.

To further achieve these and other advantages and 1n
accordance with the purpose of the present invention, a
method of transmitting a signal, 1n which a transmitting side
of a communication system performs data processing on a
code sequence mto a form requested by the communication
system for at least one of mnitial synchronization acquisition,
cell search and channel estimation and then transmits the
data-processed signal to a recerving side of the communi-
cation system, includes the step of generating the code
sequence by masking a repetitive code sequence with a
specific orthogonal code, wherein the repetitive code
sequence comprises at least twice repeated umt code
sequences, each having a length L.

To further achieve these and other advantages and 1n
accordance with the purpose of the present invention, a
method of generating a code sequence, which 1s used for at
least one use of mitial synchronization acquisition, cell
search and channel estimation, includes the steps of gener-
ating a unit code sequence set including unit code sequences,
cach having a length of L, by code generating algorithm
according to a code type, generating a repetitive code
sequence set including repetitive code sequences generated
from repeating each of the unit code sequences belonging to
the unit code sequence set twice at least, and masking each
of the repetitive code sequences belonging to the repetitive
code sequence set with a specific orthogonal code.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the mvention as claimed.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the mvention.

In the drawings:

FIG. 1 1s a flowchart of a cell search procedure;

FIG. 2 1s a structural block diagram of SCH following a
hierarchical structure;

FIG. 3 1s a structural block diagram of SCH following a
non-hierarchical structure;

FIG. 4 1s a diagram of performance comparison between
hierarchical SCH and non-hierarchical SCH 1n a synchro-
nous systems:

FIG. § 1s a diagram of performance comparison between
hierarchical SCH and non-hierarchical SCH 1n an asynchro-
nous systems;

FIG. 6 15 a diagram of residual frequency oflset error 1n a
synchronous system:;

FIG. 7 1s a diagram of residual frequency oflset error in an
asynchronous system:;

FIG. 8 1s a diagram to explain a hybrid SCH scheme;

FIG. 9 1s an exemplary block diagram of P-SCH 1nserted
by the first method of the present embodiment;
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FIG. 10 shows a flow chart for generating P-SCH 1n time
domain and 1nserting additional information;
FIGS. 11A to 11C are block diagrams of examples of a

sequence on which the masking 1s performed by the first
method of the present embodiment;

FIG. 12 1s a flow chart explaining steps of the second
method;

FIG. 13 1s a diagram to explain a method of allocating a
specific sequence 1n frequency domain;

FIG. 14 1s a flow chart explaining third method;

FI1G. 15 1s a block diagram of P-SCH and S-SCH 1n which
additional information will be included;

FIG. 16 A and FIG. 16B are block diagrams to explain
examples ol adding 1-bit additional information;

FIGS. 17Ato 17D are block diagrams to explain examples
ol adding 2-bit additional information, in which additional
information 1s added to S-SCH;

FIG. 18 1s a diagram of examples by both a third method
of the present embodiment and micro-constellation modu-
lation;

FIG. 19 1s a flowchart of a method of generating a
sequence for a synchronization channel according to an
embodiment of the present invention;

FIG. 20 1s a block diagram of a transmitting apparatus
according to an embodiment of the present invention;

FI1G. 21 15 a block diagram of a communication apparatus
for transmitting P-SCH according to the present invention;

FIG. 22A and FIG. 22B are diagrams of frequency and
time domain signals of a short preamble used by IEEE
802.11a, respectively;

FIG. 23A and FIG. 23B are diagrams of auto-correlation
characteristics of a short preamble used by IEEE 802.11a 1n
frequency and time domains, respectively;

FIG. 24 1s a flowchart of a code sequence generating
method according to one preferred embodiment of the
present ivention;

FIG. 25 1s a diagram to explain a masking method by
Hardamard codes according to one preferred embodiment of
the present invention;

FIGS. 26 to 31 are graphs of performance curves to
estimate performance of preferred embodiments of the pres-
ent 1nvention, respectively; and

FIG. 32 and FIG. 33 are block diagrams to explain a
signal transmitting method and a transmitting apparatus
according to one preferred embodiment of the present inven-
tion.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are 1llustrated 1n the accompanying drawings.

The present embodiment relates to synchronization chan-
nels. And, the synchronization channels can be classified
into P-SCH and S-SCH. The present embodiment proposes
a method of having additional information included 1n the
synchronization channel. And, the present embodiment pro-
poses a method of generating a sequence usable for the
synchronization channel.

First of all, a method of having additional information
included 1n a synchronization channel according to a first
embodiment of the present invention 1s explained.

Secondly, a method of generating a sequence usable for a
synchronization channel according to a first embodiment of
the present invention 1s explained.
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First Embodiment
In case of the aforesaid hierarchical SCH or hybrid SCH,

P-SCH and S-SCH are used. And, the P-SCH 1s a cell
common sequence. In particular, the P-SCH 1s provided by
all base stations or sectors through a same sequence. In other
words, the P-SCH 1s corresponding to the sequence already
known to a user equipment and 1s used to acquire timing
synchronization and frequency synchronization.

In case of the hierarchical or hybrid SCH, cell ID and
other specific cell mmformation can be obtained through
S-SCH or various kinds of control channels, e.g., BCH, eftc.

In the present embodiment, a method of adding additional
information to a channel for synchronization such as P-SCH,
S-SCH, hybrid SCH and the like.

The following method can be mainly divided into a
method of adding additional information using masking by
codes, a method of adding additional information using
micro constellation modulation, and a method using both
masking and micro constellation modulation.

First to third methods explained 1n the following descrip-
tion are examples of the method using masking by codes,
which describes examples of adding additional information
to P-SCH among synchronization channels. Since the
method using masking by codes 1s applicable various syn-
chronization channels, the following examples of P-SCH
application are just exemplary. So, the present invention 1s
not limited to the examples of the P-SCH application.

Despite the sertion of additional information into
P-SCH according to the embodiment of the present inven-
tion, complexity according to synchromization estimation
does not increase. And, the related art synchronization
estimating method can be used as 1t 1s. Moreover, the
inserted additional information of the present embodiment
can be easily detected 1n various ways.

1. First Method

A first method according to the present embodiment
includes the steps of generating P-SCH 1n time domain and
iserting additional information.

In the first method, the P-SCH generating step and the
additional information iserting step are preferably per-
formed in the time domain.

FIG. 9 1s an exemplary block diagram of P-SCH 1nserted
by the first method of the present embodiment.

Referring to FIG. 9, 1t 1s able to assign P-SCH to 128 (=N)
subcarriers. Preferably, P-SCH according to the present
embodiment 1s generated 1n a manner that specific sequences
(A) are repeated 1in time domain. The sequence (A) includes
64 samples A, to As;. And, the 64 samples A, to A, are
allocated to the subcarriers 1 frequency domain, respec-
tively. FIG. 9 shows that two sequences (A) are repeated 1n
the time domain.

FIG. 10 shows a flow chart for generating P-SCH 1n time
domain and inserting additional information.

The steps of generating P-SCH 1n time domain and
inserting additional information can be divided ito the
following steps.

In a first step S101, a P-SCH sequence 1s 1nserted 1n time
domain. In FIG. 9, the P-SCH 1s generated by repeating a
specific sequence (A) twice 1n time domain.

Preferably, the specific sequence (A) 1s P-SCH according
to the atoresaid hybrid SCH. Yet, the specific sequence (A)
can be a random sequence. In particular, the specific
sequence (A) can be the P-SCH according to the hierarchical
SCH.

In a second step S102, masking 1s carried out on a specific
code. In particular, masking 1s carried out on the sequence
generated 1n the step S101. There are various results from
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performing masking on the specific sequence. And, the
result of masking represents specific additional information.

The masking means a work for performing data process-
ing according to the specific code. No limitation 1s put on a
type of the specific code and a type of the data processing.
Preferably, the code used for the masking i1s an orthogonal
code or a pseudo-orthogonal code. Preferably, the masking
operation means a work of multiplying each of the samples
of the sequence generated 1n the step S101 by the code.

FIGS. 11A to 11C are block diagrams of examples of a
sequence on which the masking 1s performed by the first
method of the present embodiment.

FIG. 11A shows a result of performing masking on the
sequence shown 1n FIG. 9 using Walsh codes.

Referring to FIG. 11 A, 1 a case of masking the sequence
shown 1n FIG. 9 using code [1,1], it can be decided that
additional information 1s set to ‘0°. In a case of masking the
sequence shown i FIG. 9 using code [1,-1], 1t can be
decided that additional information 1s set to ‘1°.

FIG. 11B shows a result of performing masking on the
sequence shown i FIG. 9 using random codes.

Referring to FI1G. 11B, the random code includes a sample
having a size of ‘1’ and a phase value of ‘0°” or *180°°. In
a case of masking the sequence shown 1n FIG. 9 using code
[1,1], 1t can be decided that additional information 1s set to
‘0°. In a case of masking the sequence shown 1n FIG. 9 using
code [1,-1], 1t can be decided that additional information 1s
set to 17,

FIG. 11C shows a result of performing masking on the
sequence shown 1 FIG. 9 using DFT sequence.

Referring to FIG. 11C, 1 case of performing masking
using DFT sequence

cm=e ¥R (r=0,1.... .N—1)

like the contents of FIG. 11C, 1t can be decided that
additional information i1s set to ‘0’ if r=0. And, 1t can be
decided that additional information is set to “1°.

The cases of FIGS. 11A to 11C are the examples of
performing masking using two kinds of codes. Since the
examples shown 1 FIGS. 11A to 11C are just provided for
convenience of explanation, 1t 1s able to perform the mask-
ing using an arbitrary count of codes. Namely, 1t 1s able to
add additional information constructed with arbitrary bits.
For instance, 2-bit additional information can be added by
incrementing a count of Walsh codes into 4. And, 3-bit
additional information can be added by incrementing a count
of Walsh codes into 8. In case of DFT sequence, 1t 1s able to
generate additional information having a random size by
freely adjusting sizes of ‘r’ and ‘N’. In case of arbitrary
codes, 1t 15 able to adjust a size of additional information by
adjusting a type of each code.

The sequence generated 1n the second step S102 of FIG.
10 1s provided to a user equipment for synchromization
estimation. The sequence according to the present embodi-
ment 1s usable for various communication systems. Prefer-
ably, the sequence according to the present embodiment 1s
used for a system that transmits a signal via a plurality of
orthogonal subcarriers.

If a system, to which the present embodiment 1s applied,
is not the OFDM/OFDMA system, a corresponding
sequence 1s transmitted by passing through a low pass filter
(LPF) corresponding to a transmission bandwidth. If DC
subcarrier 1s not taken into consideration by the OFDM/
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OFDMA specifications, it 1s able to have the corresponding
sequence pass through the LPF without the subcarrier inser-
tion.

Meanwhile, 1n case that a system, to which the present
embodiment 1s applied, 1s used for a system (e.g., OFDM,
OFDMA, SC-FDMA) that uses a plurality of orthogonal

subcarriers, the following steps S103 to S106 are preferably
executed 1n addition. In particular, since the system using a
plurality of orthogonal subcarriers needs a DC subcarrier to
climinate a DC component and a guard band subcarrier to
climinate a component of a specific bandwidth, the follow-
ing steps are pretferably executed 1n addition.

According to one embodiment of the present mnvention, a
step S103 of transforming a time domain sequence to a
frequency domain sequence by FFT operation 1s explained
as follows.

First of all, a method of transforming a time domain
sequence mto a frequency domain sequence 1 a multi-
subcarrier system 1s represented as Formula 6, in which a
length-N sequence generated 1n time domain 1s transformed
into a frequency domain sequence by N-point FFT.

|Formula 6]

If each sample of the sequence generated by the steps
S101 and S102 of FIG. 10 1s set to a,, a frequency domain
sequence A, 1s generated by Formula 6.

A step S104 of mserting DC subcarrier and guard sub-
carrier according to one embodiment of the present inven-
tion 1s explained as follows.

First of all, 1n a specific OFDM commumication method,
isertion of DC subcarrier and insertion of constant guard
subcarrier can be required. In case that DC subcarrier and
guard subcarrier have to be iserted to meet the specifica-
tions defined 1n the specific OFDM communication method,
the step S104 1s executed. The insertion of the DC subcarrier
means that data 0 1s inserted in a subcarrier having a
frequency of ‘0’ 1 frequency domain to solve the problem
caused by DC ofifset 1n an RF end of transmission/reception.

A step S105 of applying PAPR attenuation to the sequence
having undergone the above steps 1s explained as follows.

First of all, as the DC and guard subcarrier insertions or
other data processing are performed, PAPR of signals may
increase. In the present embodiment, PAPR attenuation can
be re-executed to decrease the increasing PAPR.

A step S106 of transforming the sequence into a time
domain sequence by IFFT operation according to one
embodiment of the present invention i1s explained as follows.

First of all, the step S106 1s to generate a final signal and
1s executed according to Formula /7. In this case, a generated
sequence can be utilized for execution of synchronization
and detection and discrimination of signals.

N-1

| .
a, = _Z AkEjZﬂ'kﬂfN
N n=>0

|Formula 7|

2. Second Method

A second method 1n the following description 1s charac-
terized in allocating and generating a sequence having
specific-sized samples 1n frequency domain. For instance, 1n
case of generating P-SCH using a sequence A (A, A,.
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A,, . .., Ay, mcluding N samples, the sequence 1s
generated 1n a following manner.

First of all, each sample included 1n a sequence 1s allo-
cated to a specific frequency index. In this case, the fre-
quency index 1s to 1dentily a specific subcarrier. If samples
are allocated to consecutive frequency indexes, respectively,
the samples are allocated to consecutive frequency domains.
If samples are allocated to frequency indexes with specific
interval, respectively, the samples are allocated with a
frequency interval corresponding to the specific interval.

FIG. 12 1s a flow chart explaining steps of the second
method.

The second method includes the following steps.

First of all, DC subcarrier and guard subcarrier are
iserted (S201). In particular, a component of a specific
region 1n Irequency domain 1s changed into ‘0’.

Subsequently, a specific sequence A 1s allocated to the
frequency domain with a specific interval using the fre-
quency mdexes (S202).

A size of the specific interval can be 1freely set. For
instance, 1t 1s able to allocate the sequence A with two
frequency index intervals. In this case, 1t 1s able to allocate
cach sample of the sequence A to either an even-order
frequency index or an odd-order frequency index.

FIG. 13 1s a diagram to explain a method of allocating a
specific sequence 1n frequency domain.

In (a) of FIG. 13, 1f a specific sequence 1s allocated to
consecutive frequency indexes, a sequence (e.g., sequence
including P, to P,,-) 1n time domain 1s shown. In particular,
a signal shown 1n (a) of FIG. 13 corresponds to a result from
allocating specific samples P, to P,,, to 128 consecutive
frequency indexes 1n frequency domain, respectively.

In case of allocating samples P, to P,,, to even-order
frequency indexes, 1t 1s able to configure a signal shown 1n
(b) of FIG. 13 due to the characteristics of over-sampling. In
(b) of FIG. 13, a wavelorm B 1s repeated. The repetitive
wavelorm shown 1n (b) of FIG. 13 has a shape obtained from
compressing a waveform shown 1n (a) of FIG. 13. Since the
signal shown 1n (b) of FIG. 13 includes 1dentical wavetorms
repeated 1n time domain, 1t can be represented as a [BIB]
type signal.

Meanwhile, 1n case of allocating samples P, to P, to
odd-order frequency indexes, 1t 1s able to configure a signal
shown 1n (¢) of FIG. 13 due to the characteristics of DFT
operation. The signal shown 1n (¢) of FIG. 13 has a form
different from that shown 1n (b) of FIG. 13. In particular, the
signal shown 1n (¢) of FIG. 13 has a different form 1n a time
domain due to shift of frequency indexes. Because of the
characteristics of DFT operation, the signal allocated to the
odd-order frequency indexes has a [C|-C] shape in time
domain.

In brief, 1t 1s able to allocate the sequence A to frequency
indexes with a specific iterval. And, a count of waveform
repetitions 1n time domain and a wavelform in time domain
depend on a size of the interval and the frequency indexes
to which the sequence A 1s allocated.

In case that a base station generates P-SCH according to
the second method, the base station pre-decides a size of the
interval and the frequency indexes for the allocation. As
mentioned 1n the foregoing description, since a wavelform of
signal transmitted by the base station depends on the size of
the 1nterval and the frequency indexes for the allocation, a
method of generating a sequence in frequency domain need
to be decided 1n advance. Besides, since the P-SCH need to
be a cell common sequence, a predetermined sequence
generating method 1s preferably known to a user equipment
in advance.
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For instance, the base station decides to allocate the
samples of the sequence A to the even-order frequency
indexes. In this case, a signal having the [ BIB] shape shown
in (b) of FIG. 13 1s generated. Since the user equipment
already knows that the [BIB] type signal will be generated,
it 1s able to perform cross-correlation based detection. More-
over, since the signal 1itself i1s repeated, auto-correlation
based detection 1s possible as well.

The step S202 of FIG. 12 can be executed prior to the step
S201 of FIG. 12. So, there 1s no limitation put on an order
between the step of mnserting the DC/guard subcarrier and
the step of generating the P-SCH sequence in frequency
domain. Yet, the step of generating the P-SCH sequence 1s
preferably executed prior to a step S203 that 1s explained in
the following description.

In order to add additional information to the P-SCH, a
transform nto a signal 1n time domain needs to be per-
formed. So, IFFT operation 1s performed on the generated
P-SCH (5203).

And, masking 1s carried out on a result of the step S203.
In this case, the masking on the result of the step S203 is
carried out by the step S102.

After completion of the masking on the result of the step
S203, the steps S103 to S106 (shown 1n FIG. 10; not shown
in FI1G. 12) are preferably carried out. In particular, the DC
and guard subcarriers are preferably 1nserted and the PAPR
attenuation scheme 1s preferably applied. Although the DC
and guard subcarriers have been already inserted by the step
S201, components except ‘0’ may be inserted in DC and
guard subcarrier components. So, 1t 1s more preferable that
‘0’ 1s mserted or padded into the DC and guard subcarriers
by executing the steps S103 to S106.

In case of the guard subcarrier, it 1s able to obtain the same
ellect of inserting a guard subcarrier using a specific filter
(e.g., LPF).

If additional information 1s added by the first or second
method, 1t 1s able to acquire synchronization using the
conventional method 1n a same manner. In particular, a
receiving end (e.g., user equipment) acquires timing syn-
chronization via a conventional hierarchical or hybrid SCH.
Moreover, since frequency synchronization corresponds to a
function having an arc tangent period of pi, 1t can be
executed 1n the same manner of the hybrid method accord-
ing to the example of two repetitions. Namely, despite the
addition of the additional information, the method of acquir-
ing the time and frequency synchronizations does not
change.

The inserted additional information enables code infor-
mation to be detected by differential correlation represented
as Formula 8 after completion of the time and frequency
synchronizations using the feature of the same absolute
value.

|Formula 8]
b = abs

Nﬁ-r/Z—l ﬁ
Re{ Z [r(c} +n)r[r(3 +1+ Njﬁ/Q)] '

n=>0 J

if b= 0, decision to bit 0

else, decision to bit 1

According to Formula 8, 1t 1s able to reconstruct the
additional information using the features of a signal received
by the receiving end.

The additional information can be reconstructed in vari-

ous ways including the example shown in Formula 8.
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For instance, it 1s able to reconstruct the additional
information by hypothesis detection using cross-correlation.
For example, a transmitting end (e.g., base station) inserts
additional mnformation by making using Walsh codes, [1,1]
code corresponds to additional information ‘0°, and [1,-1]
code corresponds to additional information “1°. In this case,
a signal transmitted by the transmitting end has a shape of
[AIA] or [Al-A] 1n time domain. And, since a waveform A
1s attributed to a cell common sequence, a user equipment
has already known the waveform A. So, the user equipment
1s able to measure a cross-correlation value for the received
signal via the [AlA] or [Al-A] signal. In particular, the user
equipment 1s able to detect the additional information by
confirming a peak value though the hypothesis detection
using cross-correlation.

3. Third Method

The third method includes the step of generating P-SCH
sequence 1n frequency domain and adding additional infor-
mation in frequency domain.

FIG. 14 1s a flow chart explaining third method.

In particular, DC and guard subcarriers are generated by
the same step of the step S201 (FIG. 12). And, a P-SCH
sequence 1s generated with a specific frequency index inter-
val by considering the generated DC and guard subcarriers
(S301). For instance, in case of generating P-SCH using a
sequence-A (A,, A, A,, ..., A, ;) including N samples, a
sequence 1s generated 1n a following manner.

First of all, 11 additional information 1s set to ‘0’, the N
samples are allocated to even-order frequency indexes,
respectively. In this case, as mentioned in the description of
FIG. 13, the [BIB] waveform 1s generated 1n time domain.
Meanwhile, 11 additional information i1s set to ‘1°, the N
samples are allocated to odd-order frequency indexes,
respectively. In this case, as mentioned in the description of
FIG. 13, the [C|-C] wavetform 1s generated in time domain.

A size of the additional information 1s not limited. In case
of adding 2-bit additional information, four different wave-
forms are needed. So, 1t 1s able to allocate the N samples
with an interval of four frequency indexes. Through this, it
1s able to obtain four kinds of wavetorms repeated four times
in time domain. Through this, i1t 1s able to add additional
information.

The P-SCH generated 1n frequency domain 1n the above
manner 1s then transformed into a time domain signal by
IFFT operation according to the step S106 as shown 1n FIG.
10.

In brief, the third method generates a plurality of cell
common sequences. And, each of a plurality of the cell
common sequences represents specific additional informa-
tion. Unlike the first or second method, the third method uses
a plurality of the cell common sequences. In this case,
synchronization acquisition 1 a user equipment can be
carried out 1n a following manner.

First of all, the user equipment has already known a
plurality of cell common sequences. N particular, the user
equipment has already known the [BIB] signal for the case
of allocating the N samples to the even-order frequency
indexes and the [C|-C] signal for the case of allocating the
N samples to the odd-order frequency mndexes. And, the user
equipment 1s able to acquire synchronization by finding
cross-correlation between the [ BIB] or [Cl-C] signal and the
received signal. Namely, even 1f synchronization 1s per-
formed using cross-correlation, synchronization 1s acquired
by performing hypothesis detection and additional informa-
tion 1s obtained.

Meanwhile, 1t 1s able to acquire synchronization using
auto-correlation instead of cross-correlation. Since a plural-
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ity of the cell common sequences are allocated to the
frequency indexes with a constant interval, respectively,
they have repetitive characteristics. So, the user equipment
1s able to acquire synchronization using the characteristic of
the signal that 1s repeated in time domain.

The first to third methods propose the scheme of perform-
ing the masking on the sequence generated in frequency or
time domain using specific codes. And, a fourth method
explained 1n the following description proposes a method of

adding additional nformation using fine constellation
modulation.

4. Fourth Method

A fourth method 1s characterized 1in performing micro-
constellation modulation in addition.

First of all, at least one information bit to be transmitted
to a recerving end 1s constellation-mapped to one symbol. As
constellation mapping according to the related art, there are
QPSK, BPSK, 16QAM and the like. At least one symbol
(e.g., at least one QPSK symbol) 1s included 1n one OFDM
symbol to be transmitted to the receiving end.

In this case, such a constellation mapping scheme as
QPSK can be called macro-constellation modulation (i.e.,
conventional scheme). And, a modulation scheme applied
for addition of additional information can be called micro-
constellation modulation or fine constellation modulation.

Symbols (e.g., QPSK symbols) having undergone macro-
constellation modulation are mapped to preset position on a
constellation map. If a transmitting end transmits the sym-
bols by rotating the symbols at a predetermined angle from
the preset positions in addition, 1t can be seen that additional
information 1s added through the additionally rotated angle.

A basic concept of the fourth method of the present
invention 1s to use 2-step constellation mapping. In particu-
lar, macro-constellation modulation 1s carried out on a
sequence corresponding to a channel for synchronization
estimation. And, micro-constellation modulation 1s addition-
ally applied to the sequence having undergone the macro-
constellation modulation. In this case, a method of the
micro-constellation modulation 1s decided according to
additional information to be added.

The following method relates to a method adding normal
M-bits.

The fourth method 1s applicable to a hierarchical SCH, a
non-hierarchical SCH, or a hybrid SCH. For convenience of
explanation, a method of adding additional information to a
hierarchical SCH 1s explained in the following description.
And, a case of multiplexing between P-SCH and S-SCH by
TDM 1s explained. Yet, since the fourth method 1s applicable
to various synchronization channel structures, 1t 1s not
restricted by the following embodiment of the present inven-
tion.

FIG. 15 1s a block diagram of P-SCH and S-SCH 1n which
additional information will be 1ncluded.

Reterring to FIG. 15, P-SCH and S-SCH can be generated
according to the aforesaid method. In particular, the P-SCH
and S-SCH can be generated 1n frequency or time domain.
And, the P-SCH and S-SCH can be generated by repetition
in time domain or by allocating a sequence with a specific
frequency index interval in frequency domain.

According to the fourth method, an M-bit additional
information adding method is carried out by multiplying a
P-SCH part of the drawing by a phase function correspond-
ing to the corresponding bits.

If a time domain sequence of P-SCH or S-SCH 1s p(n)
=0, 1,2, ..., Ng=1), Pris., alter bit addition 1s represented
as Formula 9A.
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[Formula 9A]

In Formula 9A, ‘m’ indicates an m” additional informa-
tion. For instance, 1in case of 1 bit of M=1, m=0 or 1 1s
possible. In case of 2 bits of M=2, m=0, 1, 2, or 3 1s possible.

In Formula 9A, “N” indicates a length of sequence. ‘P,
indicates a time domain sequence to which additional infor-
mation 1s added. ‘P(n)’ indicates a time domain sequence
before additional information i1s added thereto. And, ‘n’
indicates a time domain sample index.

Formula 9A can be equivalently represented as Formula
9B. And, Formula 9A 1s an example represented as a
frequency domain sequence.

, 2m |Formula 9B ]|
Priri) = &’ 2M P(k)
k=0,1,... .N-1
m=0,1,... ,2M -1

b

In Formula 9B, ‘P, indicates a frequency domain
sequence to which additional information 1s added 1n fre-
quency domain. ‘P(k)’ indicates a {requency domain
sequence before additional information i1s added thereto.

And, ‘k’ indicates a frequency domain sample index.

FIG. 16 A and FIG. 16B are block diagrams to explain
examples ol adding 1-bit additional information.

Referring to FI1G. 16 A and FIG. 16B, 1t 1s able to add 1-bit
additional mformation by not varying phases of sequences
included in P-SCH or by rotating the phases by 180° each.

The example shown 1n FIG. 16 A indicates that additional
information corresponding to ‘bit 0° 1s included. And, the
example shown 1n FIG. 16B indicates that additional infor-
mation corresponding to ‘bit 1° 1s included.

Of course, 1t 1s able to add the additional information to
cach of P-SCH and S-SCH. It 1s able to add the additional
to etther P-SCH or S-SCH. And, 1t 1s also able to add the
additional to both P-SCH and S-SCH simultaneously. In
case of M=1, the additional information to be added includes
‘“+1” and *-1".

FIGS. 17Ato 17D are block diagrams to explain examples
of adding 2-bit additional information, in which additional
information 1s added to S-SCH for example.

Referring to FIGS. 17A to 17D, if M=2, additional
information corresponds to ‘00°, ‘017, 10" or ‘11°. Of
course, the additional information can be applied to both
P-SCH and S-SCH, either P-SCH or S-SCH, or P-SCH and
S-SCH, respectively.

A method of searching additional information bits accord-
ing to the present invention can be executed 1n various ways.
For convenience of explanation, a method of detecting bits
by 1nserting additional information bit(s) into P-SCH and by
performing channel estimation on S-SCH 1s explained.

If P-SCH and S-SCH, as shown 1n FIGS. 17A to 17D, are
adjacent to each other, 1t 1s able to assume that both of the
SCHs undergo the same channel. In this case, 1t 1s able to use
a radio channel estimated as S-SCH 1n detecting additional
information added to P-SCH.

For convenience, 1t 1s assumed that all subcarriers are
used for a frequency part of P-SCH. And, 1t 1s also assumed
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that bit information detection 1s carried out after completion
of time/frequency synchronization with P-SCH and cell 1D
detection in S-SCH. In this case, a time domain signal
received on P-SCH 1s represented as Formula 9C.

Fpsch(n):pbfr(n)$k(n)+n (H) [FDMUIH 9C]

In Formula 9C, ‘h(n)’ indicates an impulse response of
channel, ‘n(n)” mndicates AWGN, and **’ indicates a convo-
lutional operation. A result of Formula 9C can be repre-
sented as Formula 9D.

¥ s et V=P g0 “H(K)+N (k) [Formula 9D]

In Formula 9D, a signal indicates a frequency domain
signal. In this case, ‘H(k)” indicates a frequency response of

channel and ‘N(k)’ indicates AWGN. Time and frequency

domain signals received on S-SCH are represented as For-
mula 9F and Formula 9F, respectively.

¥ 3)=s(r) h(n)+n(n) [Formula 9E]

R s en(R)=S(k)* H{k)+N(k)

In Formula 9E and Formula 9F, *S(k)” indicates an S-SCH
signal transmitted 1n frequency domain and ‘s(n)’ indicates
an S-SCH signal transmitted 1n time domain.

According to the above assumptions, channel estimation
1s executed in S-SCH. For instance, LS (least square)
channel estimation can be executed according to Formula

9G.

[Formula 9F]

Roccn(k) |Formula 9G]

Hik) = S0

In Formula 9G, as mentioned 1n the foregoing description,
since the detection for cell ID has been completed, ‘S(k)’ 1s
a value already known by the receiving end.

P-SCH 1s recovered as Formula 9H using the estimated
radio channel.

A |Formula SH|

A
Req(K) = Rpscn(k) | H(k) = Ppjpy + N(K) [ H(k)

It 1s able to detect added bit information by Formula 91
using ‘R, (k) of which channel 1s compensated for.

Y | V-l ) |Formula 9I]
= ﬂarg{ﬁz; Reo(k)P(K) }

b

In Formula 91, ‘arg{ }” indicates a phase component. And,
‘I 17 indicates a complex result value of correlation.

The aforesaid additional information adding method 1s
applicable to the hybrid SCH or the non-hierarchical SCH.
Namely, by an operation of rotation by a phase correspond-
ing to the additional information, 1t 1s able to add the
additional information.

Hereimnafter, a new method in which the first to third
methods and the fourth method are combined together 1s
proposed as follows.

A fifth method 1n the following description relates to a
method of adding additional information using both code
masking and micro-constellation modulation.
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5. Fifth Method

First of all, it 1s preferable that a fifth method 1s applied
to a sequence having a repetitive structure 1n time domain.
For instance, the fifth method 1s applied to hybrid SCH as
follows.

Three methods of adding additional information by mask-
ing are proposed. The fifth method can use one of the three
methods of adding addition information. Heremnafter, a
method which uses the third method 1s explaied.

According to the aforesaid third method, in case of
allocating a sequence to an odd-order frequency index,
additional imnformation ‘1’ (or ‘0’) 1s indicated. In case of
allocating a sequence to an even-order Ifrequency index,
additional information ‘0’ (or °1’) 1s indicated.

According to the aforesaid explanation, 1t a sequence 1s
allocated to an odd-order frequency index, a [CI-C] type
wavelorm, as mentioned 1n (¢) of FIG. 11, 1s formed 1n time
domain. IT a sequence 1s allocated to an even-order fre-

quency index, a [BIB] type wavelorm, as mentioned 1n (b)
of FIG. 11, 1s formed in time domain.

In addition, micro-constellation modulation can be per-
formed on the corresponding result. In particular, by rotating
a phase by 0° or 180°, 1t 1s able to add additional 1nforma-
tion.

FIG. 18 1s a diagram of examples by both a third method
of the present embodiment and micro-constellation modu-
lation.

Referring to FIG. 18, 1n case that added additional infor-
mation 1s ‘00°, a sequence type 1s [BIB]. So, MSB of
additional information 1s decided as ‘0’. Meanwhile, since a
phase 1s changed by 0° according to micro-constellation
modulation, LSB of additional information 1s decided as ‘0.
In case that added additional information 1s ‘01°, a
sequence type 1s [BIB]. So, MSB of additional information
1s decided as ‘0’. Meanwhile, since a phase 1s changed by
180° according to micro-constellation modulation, LSB of
additional information 1s decided as “1°.

In case that added additional information 1s ‘10°, a
sequence type 1s [C|-C]. So, MSB of additional information
1s decided as ‘1°. Meanwhile, since a phase 1s changed by 0°
according to micro-constellation modulation, LSB of addi-
tional information 1s decided as “0’.

In case that added additional information 1s ‘11°, a
sequence type 1s [C|-C]. So, MSB of additional information
1s decided as ‘1°. Meanwhile, since a phase 1s changed by
180° according to micro-constellation modulation, LSB of
additional information 1s decided as “1°.

In order to detect additional information by the fifth
method, 1t 1s decided whether a sequence has a [BIB] type
or a [C|-C] type and a phase value rotated by micro-
constellation modulation 1s then calculated.

The fourth and fifth methods of the present embodiment
are characterized in using micro-constellation modulation.

In the above examples, a case that a count of added
additional informations corresponds to a power of 2, which
does not put limitation on the present embodiment.

Namely, 1t 1s able to convert Formula 9A to Formula 10A.

2N ormula 10A
Ppivy =€ X p(n) ¥ |
n=01,... N-1
m=01,... ,X-1

And, 1t 1s able to convert Formula 9B to Formula 10B.
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20T Formula 10B
Ppiviy =€ X Pk) | |

k=0,1,... ,N-1

m=0,1,... , X -1

In this case, Formulas 9C to 9H are applied as they are.
And, Formula 91 1s converted to Formula 10C to be applied.

X 1 M=l ) |Formula 10C]
m = Emg{ﬁzﬂ Req(k)P(k) ¢
$—

A

The above-explained example shown 1n FIG. 18 1s appli-
cable to hierarchical or non-hierarchical SCH.

In case that additional information 1s added through
non-hierarchical SCH, 1t 1s able to reconstruct the additional
information by the following operation.

First of all, an operation of adding additional information

by a transmitting end 1s identically applied to the non-
hierarchical SCH or other SCHs.

A receiving end 1s able to detect mitial synchronization
based on auto-correlation. And, the receiving end 1s able to
acquire frequency synchronization.

Subsequently, the receiving end detects a sequence index
used for SCH. The receiving end performs integer-times
frequency offset estimation using the detected sequence
index. The recerving end then corrects the estimated offset.

The receiving end estimates a channel using the detected
sequence and then compensates for the channel.

After completion of the channel estimation, additional
information by micro-constellation modulation 1s obtained.

In the fourth or fifth method of the present embodiment,
micro-constellation modulation 1s able to use a plus phase
value or a minus phase value. Namely, it 1s able to convert
Formula 10A and Formula 10B to Formula 11A and Formula
11B, respectively.

_;2m Formula llA
Ppiviy =€ ° X p(n) | |
n=01 ... N-1
m=01,... , X -1

_;2m Formula 11B
Ppiviy =€ X Plk) | |

k=0,1,... ,N-1
m=0,1,... , X -1

And, 1t 1s able to convert Formula 10C to Formula 11C.

X 1 Nl |Formula 11C]
m=— —Eil'g{ﬁ qu(k)P(k)}

In a constellation map, a phase of each symbol (e.g.,
QPSK symbol, etc.) can be rotated clockwise or counter-
clockwise by micro-constellation modulation.

The additional information inserting method has the fol-
lowing advantages. First of all, it 1s able to 1nsert additional
bit information without changing a previous structure. Sec-
ondly, additional complexity 1s prevented from taking place.

The additional information added by the present method
1s explained as follows.
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First of all, no limitation 1s put on a type of the additional
information. And, various kinds of information for commu-
nications can be included. For instance, 1t 1s able to use the
additional information as information for a length of cyclic
prefix (heremafter abbreviated CP). For instance, cyclic
prefixes can be classified into short CP and long CP accord-
ing to their lengths. In this case, 1t 1s able to represent a type
of CP via the additional information.

And, the mmformation may include information for an
antenna mode. In particular, the information 1s able to
indicate whether an antenna 1s a single antenna or a multi-
antenna.

Besides, various kinds of information are possible. For
instance, various kinds of information such as subirame
synchronization information (indicating whether a first sub-
frame of Nth radio frame or a second subirame of Nth radio
frame), BCH bandwidth (1.25 MHz or 5 MHz) and the like
can be included. And, cell group ID information can be
additionally 1nserted.

FIG. 19 1s a flowchart of a method of generating a
sequence for a synchronization channel according to an
embodiment of the present immvention. FIG. 19 shows an
example of P-SCH among sequences for synchronization
channels.

Referring to FIG. 19, according to the above-explained
five kinds of methods, a sequence for a synchronization
channel (e.g., P-SCH sequence, S-SCH sequence, hybnid
sequence, non-hierarchical SCH sequence) 1s generated.
And, additional information 1s then inserted in the generated
sequence (S1001). The additional information inserting step
1s carried out by one of the above-explained five kinds of
methods. In particular, masking for codes 1s used, the
additional information inserting scheme using micro-con-
stellation modulation 1s used, or both of the masking and the
micro-constellation modulation are used.

The P-SCH generated by the above step 1s transformed
into a time domain sequence by steps S1003 to S1009
corresponding to the aforesaid steps S103 to S106 of FIG. 10
and 1s then transmitted to a user equipment.

A communication apparatus according to the present
embodiment 1s able to include independent modules for the
respective steps.

FIG. 20 1s a block diagram of a transmitting apparatus
according to an embodiment of the present invention.

Referring to FIG. 20, a transmitting apparatus according
to an embodiment of the present mnvention may include a
sequence generation & additional nformation insertion
module 21 according to one of the five kinds of methods, an
FFT module 22, a DC & guard subcarrier inserting module

23, a PAPR scheme applying module 24 and an IFFT
module 25.

And, the communication apparatus according to the pres-
ent 1nvention can be implemented according to FIG. 21.

FIG. 21 1s a block diagram of a communication apparatus
for transmitting P-SCH according to the present invention.

Referring to FIG. 21, a communication apparatus for
transmitting P-SCH according to the present invention
includes a serial-to-parallel converting unit 11, a subchannel
mapping & PAPR enhancement module 12 performing
symbol-to-subcarrier mapping and PAPR enhancement, an
IFFT module 13 performing IFFT, a parallel-to-serial con-
verting module 14, and a CP 1nserting module 15 inserting,
a cyclic prefix.

An output signal by the steps S1001 to S1009 1s mputted
to the apparatus shown 1n FIG. 21 and 1s then transmitted to
a recerving end. Yet, since the step S107 1s performed by the
apparatus shown i FIG. 135, 1f the output signal 1s trans-
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mitted by the apparatus shown 1 FIG. 21, 1t 1s able to omit
the step S1007. Moreover, since an operation of imserting the
guard subcarrier 1n the step S1005 can be implemented by a
filter (not shown 1n the drawing) separately provided to the
apparatus shown in FIG. 21, 1t 1s able to omit the guard
subcarrier inserting operation.

Second Embodiment

First of all, a method of generating a sequence usable for
a synchronization channel i1s explained as follows. Mean-
while, 1t 1s able to use both of the first embodiment and the
second embodiment of the present invention simultaneously.
In particular, after a sequence 1s generated according to the
second embodiment of the present invention, 1t 1s able to add
additional information to the generated sequence according
to the first embodiment of the present invention.

A code sequence configuring a synchronization channel or
a preamble includes orthogonal or quasi-orthogonal codes
having good characteristics of cross-correlation. And, the
preamble signal indicates a reference signal used for such a
purpose as initial synchronization, cell search, channel esti-
mation and the like used by a communication system.

For instance, 1n case of PI (Portable Internet, Specifica-
tions for 2.3 GHz band Portable Internet Service—Physical
Layer)PN codes are masked on 127 kinds of sequences
except a case of all zeros using 128x128 Hardamard matrix
and the corresponding sequences are mnserted 1n frequency
domain.

For another instance, in case of OFDM based IEEE
802.11a system, there exists a short preamble used for AGC
(automatic gain control), diversity selection, timing syn-
chronization or coarse frequency synchronization. In the
short preamble, a specific reference signal i1s inserted in a
subcarrier corresponding to a quadruple number only
(4-space interval in frequency domain). A sequence inserted
with an equi-spaced interval 1 1n frequency domain appears
in time domain in a manner that a same pattern is repeated
1 times. Such a repetitive pattern facilitates acquisitions of
timing synchronization and frequency synchronization. FIG.
22A and FIG. 22B are diagrams of frequency and time
domain signals of a short preamble used by IEEE 802.11a,

respectively. FIG. 23A and FIG. 23B are diagrams of

auto-correlation characteristics of a short preamble used by
IEEE 802.11a 1n frequency and time domains, respectively.

Preferably, there exist a number of sequences having good
cross-correlation characteristics for the discrimination of
cell or mobile subscriber station (i.e., user equipment) in a
mobile communication system. In binary Hardamard codes
or polyphase CAZAC (constant amplitude zero auto-corre-
lation) codes, a count of codes maintaining orthogonality as
orthogonal codes 1s limited. For instance, a count of
N-length orthogonal codes, which can be converted to NxN
Hardamard matrix, 1s ‘N’, and a count of N-length orthogo-
nal codes, which can be generated from CAZAC codes,
becomes a count of natural numbers that are relatively prime
with ‘N’ and equal to or smaller than ‘N’. [David C. Chu,
“Polyphase Codes with Good Periodic Correlation Proper-
ties”, Information Theory IEEE Tramnsaction on, vol. 18,
issue 4, pp. 531-532, July, 1972]

For instance, in OFDM (orthogonal frequency division
multiplexing) system, a length of one OFDM symbol nor-
mally has a length of power of 2 for the fast implementations
of FFT (Fast Fourier Transform) and IFFT (Inverse Fast
Fourier Transform). In this case, 1f a sequence 1s generated
using Hardamard codes, 1t 1s able to generate sequence types
corresponding to a total length. If a sequence 1s generated
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using CAZAC codes, 1t 1s able to generate sequence types
corresponding to N/2. So, a count of the sequence types 1s
limited.

FIG. 24 1s a tflowchart of a code sequence generating
method according to one preferred embodiment of the >
present mvention.

Referring to FIG. 24, a code sequence generating method
according to one preferred embodiment of the present inven-
tion 1ncludes a step S301 of generating a unit code sequence
set mcluding a plurality of unit code sequences having a
length L each by code generating algorithm according to a
code type, a step S302 of generating a repetitive code
sequence set including a plurality of repetitive code
sequences, which have a total length N=LN , generated by
repeating each of the umt code sequences belonging to the
unit code sequence set N times, and a step S305 of masking
cach of the repetitive code sequences belonging to the
repetitive code sequence set with an orthogonal code having
a length N . ,

The unit code sequence set generating step 1s the step of
generating a unit code sequence set

10

15

0

ﬂwsfq_ rxL

25

having a length L of each unit code sequence and a count
N,., z of unit code sequences. And, the unit code sequence

Y

set

30
ﬂNSE'q_LEL

can be represented as matrix N

seq

;. xL shown 1n Formula 12.

Y ] [Formula 12]

Nseg 1%L 35

1
#
NSEQ_L}{L

ﬂNSE,q_ xL =

N seq L 1

_ ﬂNSE.q_LxL _

40

In Formula 12,

& [ & &
(1 = la Nz

seq_

D) aly (L1,

seq_

45

k
UNgeq 1%L

1s a row vector indicating a sequence of k(=0, 1, 2, . . .,

N,., z—1)th sequence type index, and 50
ﬂsteq_L xL (3)
55
indicates an 1 (=0, 1, 2, . . ., L-1)th element of a k™
sequence.

Two cases can be taken 1nto consideration for a method of
generating a unit code sequence set having a plurality of unit
code sequences each of which length 1s L. A first case 1s a 60
method of generating a unit code sequence having a code
length L. by specific code generating algorithm (first
scheme). A second case 1s a method of generating a unit code
sequence having a code length L by generating a code
sequence having a length L' (L' 1s a natural number greater 65
than L.) by specific code generating algorithm and by
climinating (L'-L) elements from elements configuring the

22

generated sequence (second scheme). In case of CAZAC
codes, 1t 1s preferable that L' 1s a smallest prime number
among natural numbers greater than L.

For the above two cases, a method of generating CAZAC
code of L=256 1s explained 1n detail by taking an example
as follows.

First of all, in the first scheme, a unit code sequence set

HNSE'Q_L}{L

including unit code sequences of length 1.=256 can be
generated by CAZAC code generating algorithm repre-
sented as Formula 13. [David C. Chu, “Polyphase Codes
with Good Periodic Correlation Properties™, Information
Theory IEEE Transaction on, vol. 18, 1ssue 4, pp. 531-532,
July, 1972]

( Mrl(l+1) _ |Formula 13]
exp(at T ], when L 1s odd
index(M) _
a () =« _Mﬂ'lz |
expl i | when L 1s even
where 1=0, 1, 2, . . ., L-1

In Formula 13, M 1includes natural numbers relatively
prime with L and index(M)(=0,1,2, ..., N —1) indicates

* S seqg_ L
an 1ndex 1n case of aligning the M 1n an aqs_cending Series
order. Since =256 1s an even number, a code sequence 1s
generated by the second expression of Formula 13 and a
code sequence count N, becomes N, ,=256/2=128.

And, by the number of M, the code sequence count 1s
determined.

In the second scheme, 1n order to generate a unit code
sequence set including unit code sequences of length L.=256,
a unit code sequence of L=256 1s generated in a manner of
generating a code sequence having a length of L'=257 by
applying the CAZAC code generating algorithm like For-
mula 13 to L'=257 that 1s a smallest prime number among
natural numbers greater than L (substituting L' for L in
Formula 13) and eliminating an element corresponding to a
256™ index of the generated code sequence. In this case, as
the umit code sequences having the code length of L=256
cach can be generated as many as 256 (=257-1), it 1s able
to increment the count of the unit code sequences more than
that of the first case.

In FIG. 24, 1n the repetitive code sequence set generating,
step S303, a repetitive code sequence set

'ﬂN L}{N

S€q

including repetitive code sequences of a total length N=LN
1s generated by repeating each of the unit code sequences
belonging to the unit code sequence set generated by the
above method N times, which can be represented as For-
mula 14.

_ [, Np—l ] |Formula 14]
ﬂNSE'q LXN [ﬂNSE'q R L aNseq RS
0 _ _ Nl
where ANy, pxL = on S AN, pxL
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If a unit code sequence having a code length of L=256 1s
repeated N =4 times, a repetitive code sequence having a
total code length N=1024 is generated. An auto-correlation
characteristic of a repetitive code sequence having a code
length N 1s to have a peak value of N times for the length

N

In FIG. 24, the step S305 of masking the repetitive code
sequence with the orthogonal code of length N 1s the step of
generating a final code sequence set

{INSE'{?_L }{NSE{?_F}{N

by masking each repetitive code sequence belonging to a
repetitive code sequence set

ﬂwsfq_ XN

per unit a repeated unit code sequence with different type
orthogonal codes

hN seq_ >Ny

(e.g., Hardamard codes) having good auto-correlation char-
acteristic and a code length of N . And, the masking step can
be represented as Formula 15.

e D = Wi o (00 7)) g @ T
k=0,1,... ,Nyoyr—1
F=0,1,... ,Nyg,r—1
[=0,1,... ,N-1

In Formula 15, floor(k) indicates an integer closest to a
negative mfinitive from ‘k’.

FIG. 25 1s a diagram to explain a method of generating a
final code sequence by masking a repetitive code sequence
of a total code length N=1024 generated from repeating a
unit code sequence of a code length [L.=256 N =4 times with
4x4 Hardamard codes.

Since the unit code sequence of N =4 1s repeated 1n each
repetitive code sequence, if masking 1s carried on per unit
code sequence with Hardamard codes [1 11 1], [1 -1 1 -1],
[1 1 -1 -1], and [1 -1 -1 1], four different final code
sequences are generated for each repetitive code sequence.
So, assuming that a repetitive code sequence set includes
N,., 1 repetitive code sequences, a fimal code sequence set

Y

has

Nseq_ L4

final code sequences.
FIG. 26 and FIG. 27 show CDF (cumulative distribution

function) and PDF (probability density function) of cross-
correlation between a CAZAC code sequence of N=1024
generated by repeating a unit code sequence of length L=256
N =4 times and a final code sequence generated by making,
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a repetitive code sequence of length N=1024 generated by
repeating a unit code sequence of length L.=256 generated by
the first or second scheme according to one preferred
embodiment of the present invention N =4 times with 4x4
Hardamard codes.

As can be confirmed through FIG. 26 and FIG. 27, the
correlation characteristics of the code sequence generated by
the method according to one preferred embodiment of the
present mvention are as good as or better than those of the
code sequence according to the related art. Comparing the
counts of the finally generated code sequences, the count
(128) of the code sequences generated according to the
present invention 1s increased higher than that (first scheme-
512, second scheme-1024) of the code sequences generated
according to the related art.

FIG. 28 and FIG. 29 show CDF and PDF of cross-
correlation between a repetitive code sequence of length
N=1024 generated by repeating a unit code sequence 1, 2, 4,
8 times by the first scheme according to one preferred
embodiment of the present invention and a final code
sequence generated by masking with Hardamard codes. In
this case, a count of final code sequences that can be
generated for repetition counts of all cases 1s 512.

FIG. 30 and FIG. 31 show CDF and PDF of cross-
correlation between a repetitive code sequence of length
N=1024 generated by repeating a unit code sequence 1, 2, 4,
8 times by the second scheme according to one preferred
embodiment of the present invention and a final code
sequence generated by masking with Hardamard codes. In
this case, a count of final code sequences that can be
generated for repetition counts of all cases 1s 1,030 for a
repetition count 1, 1,040 for a repetition count 2, 1,024 for
a repetition count 4, or 1,040 for a repetition count 8.

In a communication system requiring a code length N, a
code sequence set of a code length N=1024 undergoes data
processing nto a format requested by the commumnication
system and can be inserted for a use of preamble, pilot signal
or the like. As mentioned 1n the foregoing description, 1n a
sequence mserted with an equi-space 1 in frequency domain,
a same pattern appears 1n time domain repeatedly 1 times. A
code sequence or code sequence set of the present invention
1s generated 1n time domain. So, 1f the code sequence or code
sequence set of the present invention 1s used by a commu-
nication system requiring data processing in time domain,
the code sequence generated according to the present inven-
tion 1s used as 1t 1s. IT the code sequence or code sequence
set of the present mvention 1s used by a communication
system requiring data processing in frequency domain, the
time domain code sequence generated according to the
present mvention can be used by being transformed 1nto a
frequency domain signal by DFT (Discrete Fourier Trans-
form) or FFT (Fast Fourier Transform).

FIG. 32 and FIG. 33 are block diagrams to explain a
signal transmitting method and a transmitting apparatus
according to one preferred embodiment of the present inven-
tion, in which the technical features of the present invention
are applied to OFDM/OFDMA/SC-FDMA based radio com-
munication system. FIG. 32 1s a block diagram of a trans-
mitter and FIG. 33 1s a block diagram of a receiver corre-
sponding to the transmitter shown 1n FIG. 32.

Referring to FIG. 32, traflic data and control data are
inputted and then multiplexed by a muxer 61. In this case,
the tratlic data 1s directly associated with a service provided
by a transmitting side to a receiving side and the control data
indicates data inserted to control the transmitting and receiv-
ing sides to perform communications with each other
smoothly. A code sequence generated by the above technical
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teatures of the present invention 1s a sort of control data and
can be mserted for the use of mitial synchronization acqui-
sition, cell search or channel estimation by the receiving
side. A position 1n which the code sequence 1s mserted may
vary according to a communication system. For instance, in
IEEE 802.16 broadband wireless access system, the code
sequence can be inserted mn a form of preamble or pilot
signal. In case that a multi-antenna (MIMO) system 1s
applied, 1t 1s able to insert the code sequence 1n a form of

midamble.
Input data including the traflic data and the control data

undergoes channel coding by a channel coding module 62.
Channel coding 1s a process for adding parity bits to enable
the receiving side to correct an error occurring in the course
ol transmission of a signal transmitted by the transmitting
side. And, convolution coding, turbo coding, LDPC (low
density parity check) coding or the like can be used for the
channel coding.

The data channel-coded by the channel coding module 62
undergoes digital modulation through symbol mapping

according to algorithm such as QPSK, 16(QAM and the like

by a digital modulating module 63.

Data symbols through the symbol mapping undergo sub-
channel modulation by a subchannel modulating module 74,
are mapped to each subcarrier of an OFDM or OFDMA
system, and are then transformed into time domain signals
according to IFFT conducted by an IFFT module 65.

The IFFT-transformed data symbol undergoes a filtering
process by a filter 66, 1s converted to an analog signal by a
DAC module 67m 1s converted to an RF signal by an RF
module 68, and 1s then transmitted to the receiving side
through an antenna 69.

Alternatively, according to a type of a generated code
(e.g., CAZAC code), channel coding or symbol mapping of
a specific code sequence 1s omitted. And, the specific code
sequence 1s mapped to a subchannel by the subchannel
modulating module 64 and then transmitted through the
subsequent data processing steps.

Referring to FIG. 33, a recerver reconstructs the recerved
data through a process reverse to the data processing of the
transmitter and then finally obtains the traflic data and the
control data.

The configurations of the transmitter and receiver shown
in FIG. 32 and FIG. 33 are just exemplary to help the
understanding of the technical features of the present inven-
tion. And, 1t 1s apparent to those skilled 1n the art that the data
processing method for the receiving side to transmit the code
sequence for the use of mitial synchronization acquisition,
cell search or channel estimation can be achieved in various
ways known to public.

A code sequence or code sequence set according to the
present invention 1s applicable to a CDMA based wireless
mobile communication system by the mobile communica-
tion standardization organization such as 3GPP, 3GPP2 and
the like or a wireless internet system by Wibro or Wimax in
a manner ol being transmitted to a receiving side after
having been data-processed by a transmitting side according,
to a system requested by the corresponding system.

INDUSTRIAL APPLICABILITY

Accordingly, the present invention provides the following
ellects.

First of all, the present mvention proposes a method of
generating a synchronization channel carrying additional
information.
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Secondly, information can be provided to a user equip-
ment via the synchronization channel without increasing
complexity.

Thirdly, the present invention 1s able to use the related art
synchronization estimating method.

While the present invention has been described and
illustrated herein with reference to the preferred embodi-
ments thereot, 1t will be apparent to those skilled 1n the art
that various modifications and varnations can be made
therein without departing from the spirit and scope of the
invention. Thus, 1t 1s mtended that the present invention
covers the modifications and variations of this invention that
come within the scope of the appended claims and their
equivalents.

What 1s claimed:

1. A method for transmitting a signal by a commumnication
apparatus in a wireless communication system, the commu-
nication apparatus including a processor and a transmitter,
the method comprising:

generating, by the communication apparatus, a synchro-
nization sequence by masking a specific code sequence
with another code sequence, elements of the synchro-
nization sequence having indexes separated by a con-
stant interval, each index of the elements corresponding,
to a subcarrier index; and

transmitting, by the communication apparatus, the syn-
chronization sequence to a receiving end,

wherein the synchronization sequence for a first subiframe
1s generated by masking the specific code sequence
with a first code sequence, and

wherein the synchronization sequence for a second sub-
frame 1s generated by masking the specific code
sequence with a second code sequence.

2. The method of claim 1, wherein each of the indexes
corresponds to a subcarrier index, and the elements of the
synchronization sequence are allocated to even subcarrier
indexes.

3. The method of claim 1, wherein each of the indexes
corresponds to a subcarrier index, and the elements of the
synchronization sequence are allocated to odd subcarrier
indexes.

4. The method of claim 1, wherein the specific code
sequence 1s a CAZAC (constant amplitude zero auto-corre-
lation) code.

5. The method of claim 1, wherein the another code
sequence 1s an orthogonal code sequence.

6. The method of claim 1, wherein the another code
sequence 1s a Hadamard code.

7. A device configured to transmit a signal 1n a wireless
communication system and comprising:

a processor configured to generate a synchromization
sequence by masking a specific code sequence with
another code sequence, elements of the synchronization
sequence having indexes separated by a constant inter-
val, each index of the elements corresponding to a
subcarrier index; and

a transmitter configured to transmit the synchronization
sequence to a recerving end,

wherein the synchronization sequence for a first subiframe
1s generated by masking the specific code sequence
with a first code sequence, and

wherein the synchronization sequence for a second sub-
frame 1s generated by masking the specific code
sequence with a second code sequence.
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8. The device of claim 7, wherein each of the indexes
corresponds to a subcarrier index, and the elements of the
synchronization sequence are allocated to even subcarrier
indexes.

9. The device of claim 7, wherein each of the indexes
corresponds to a subcarrier index, and the elements of the
synchronization sequence are allocated to odd subcarrier
indexes.

10. The device of claim 7, wherein the specific code
sequence 1s a CAZAC (constant amplitude zero auto-corre-
lation) code.

11. The device of claim 7, wherein the another code
sequence 1s an orthogonal code sequence.

12. The device of claim 7, wherein the another code
sequence 1s a Hadamard code.

% x *H % o

10

15

28



	Front Page
	Drawings
	Specification
	Claims

